Results and discussion
Gli zinc finger transcription factors are targets and mediadefects and the concomitant enlargement of anterior structures [16] (Figure 2b , n ϭ 63/66). In contrast, coextors of Hedgehog signaling [1] [2] [3] (see [4] for a review). In addition, Gli2 and Gli3, but not Gli1, also act downpression of Gli2 plus ECD8 did not result in ectopic tail development ( Figure 2c , n ϭ 0/109). ECD8 also impaired stream of FGF signaling in the early ventro-posterior (VP) (Figure 2d ). Gli2 is also able to induce ventral and lateral areas (purple). (c) Expression of injected Gli2CЈ⌬ in neurogenesis in competent ectoderm [1, 5] . In this conthe ventral marginal zone inhibits the endogenous expression of Wnt8.
text, ECD8 was also unable to inhibit neuronal induction data not shown), further suggesting that Wnt function may not be required for Gli2-induced cell specification.
Untreated animal caps become spherical after culture the tail-inducing function of Gli3 (data not shown; n ϭ 30/66 for Gli3 alone, and n ϭ14/77 for Gli3 plus ECD8).
( Figure 2e ). In contrast, mesoderm induction in sibling animal caps by injected Gli2 results in a morphogenetic These results show that inhibition of Wnt signaling blocks ectopic tail induction in vivo by Gli2/3, suggesting that program that drives their elongation [5] (Figure 2f , n ϭ 7/8). Interestingly, caps injected with ECD8 alone (used Wnt function is required for Gli2/3-induced VP mesodermal development.
as controls, Figure 2g ) and animal caps coexpressing Gli2 and ECD8 failed to elongate ( Figure 2h , n ϭ 0/8; and data not shown). The specificity of this effect is shown In animal cap cells, however, ECD8 did not alter the ability of coexpressed Gli2 to induce expression of Xhox3 by the ability of Wnt8 to rescue the morphogenesis induced by Gli2 in the presence of ECD8 (87% elongation (Figure 2d ), a critical VP specification gene [8, 9] . As a of Gli2-injected caps, n ϭ 15; 19% elongation of Gli2 ϩ ECD8-injected caps, n ϭ 16; 71% elongation of Gli2 ϩ ECD8 ϩ Wnt8-injected caps, n ϭ 14; data not shown). These findings indicate that Wnt activity is required for Gli2-induced VP morphogenesis.
In addition to Wnt8, other Wnt genes could also participate in the mediation of posterior morphogenesis induced by Gli2/3. Analyses of the expression of a variety of Wnt genes in Gli2/3-injected animal caps showed that Wnt1, 2, 3, 3A, 4, 6, 7A, and 10 are not induced by Gli2/3, whereas Wnt5A, 7B, 7C, and 8B are induced, albeit indirectly, since CHX prevents their upregulation (Figure 3a ; and data not shown). In contrast, Wnt11 [17] , like Wnt8, is induced by Gli2/3 (Figure 3a ). This induction may be direct, although the superinduction of Wnt11 by CHX in uninjected caps (Figure 3a; [25]) makes direct regulation difficult to ascertain. Wnt11 has been shown to be required for convergent extension movements during gastrulation [11, 15] , being expressed in the circumblastoporal region that gives rise to posterior mesoderm [17] . A link between Wnt8 and Wnt11 with Gli2 is also suggested by the phenotypes of interference with the endogenous function of Wnt11 [11, 12, 15] or Wnt8 [21, 16] , which show posterior deficiencies similar to those obtained after interference with endogenous Gli2 function [5] .
To test the requirement of Wnt11 and Wnt8 for the morphogenesis of VP mesoderm induced by Gli2, we used dominant-negative (DN) forms that appear to be specific [12, 15, 21] . Coexpression of Gli2 and DN-Wnt8 in animal caps resulted in the inhibition of ectopic tail development in vivo (Figure 3b Activin receptor (ALK4 T206E), n ϭ 33; 69% elongation plus lacZ or (e) Gli2, DN-Wnt11 plus lacZ. Compare these to untreated controls and Gli2-injected caps (Figures 2e,f) .
of ALK4 T206E ϩ ECD8-injected caps, n ϭ 39; 50% elongation of ALK4 T206E ϩ DN-Wnt8-injected caps, n ϭ 30; data not shown). VP morphogenesis triggered by Gli2/3 therefore specifically requires the action of the niscent of the induction of Wg by Ci in Drosophila (reWnt8 and Wnt11 genes. Other Wnts, such as Wnt5A [10] , viewed in [26]), indicating that regulation of Wnt gene could also be involved at later stages.
expression by Gli/Ci proteins is a common and ancient mechanism used in different contexts. To test whether such a mechanism extends to Gli1, a factor that responds The induction of vertebrate Wnt genes by Gli2/3 is remi- to and mediates HH signaling [1, 2, 4] , but which does not appear to participate in FGF signaling in the early mesoderm [5] , we used two different assays that test for the expression of Wnt genes. Expression of Gli1 in animal caps induced Ptch1 expression [5] as well as the expression or the upregulation of Wnt5A, 7B, 7C, and 8 (but only that of Wnt8 directly), but not that of Wnt1, 2, 3, 3A, 4, 6, 7A , 8B, 10, or 11 (data not shown), indicating that like Gli2/3, Gli1 induces a distinct set of Wnt genes.
We have extended these findings by asking whether Gli proteins can also lead to Wnt gene expression in a different context. Expression of human GLI1 in epidermal cells leads to the endogenous activation of frog Gli1 and the formation of basal cell carcinoma (BCC)-like skin tumors in late tailbud tadpole stages [27] . Such tumors were dissected from affected young tadpoles (stage ‫,)03ف‬ tested for Wnt gene expression, and compared to the expression seen in contralateral normal epidermal samples. GLI1-induced tumors showed specific upregulation of Wnt2, 3, 5A, 7B, and 11 as well as Gli2, Gli3, and Ptch1 genes (Figure 4a The relevance of our results with frog tumors is suggested gene expression in independent human sporadic basal cell carcinoma by the findings that human sporadic BCCs, which derive (BCC) and human sporadic squamous cell carcinoma (SCC) tumor samples. BCCs express GLI and PTCH1 genes [27] and SCCs are from activation of the SHH-GLI pathway [27, 28] , express used here as a control tumor type unrelated to SHH/GLI signaling. a similar set of Wnt genes (Figure 4b ). BCCs consistently
The housekeeping gene GAPDH is used as a control for RNA levels.
expressed Wnt2, 5A, 11, 13, and 16, although only Wnt2, Analyses of 11 independent sporadic BCCs showed that GLI1, 11, and 16 were not expressed in unrelated human skin GLI2, Wnt5A, and Wnt11 are expressed in all of them; GLI3 is expressed in 10/11 cases; Wnt7A is expressed in 3/11 cases, and squamous cell carcinomas (SCCs, which do not express Wnt13 and Wnt16 are expressed in 10/11 cases (data not shown). (Figure 4b ; [27] ). Wnt6, 7A, and 14 were not consistently expressed in BCCs, but were expressed in human fetal brain samples used as a control (data not shown). All cDNA samples were controlled for leads to the expression of a distinct set of Wnt genes in RNA levels by the expression of the housekeeping gene two different contexts. Together with previous data on GAPDH. Tumor content was measured by the expression Gli function, our present results suggest that in normal of the general tumor marker DDR1 (Figure 4b ; data not development, Gli proteins induce cell differentiation shown; [29] ). These findings thus indicate that Gli1 func-(e.g., [1, 2] ), proliferation (e.g., [27, 30] ), and morphogenetion leads to the expression of Wnt genes in different sis, and that at least the latter requires Wnt function. Gli contexts.
GLI1) used as controls
and Wnt factors could, therefore, contribute to tumorigenesis by altering the proliferative and morphogenetic propWhile the role of the vertebrate Wnt family is beginning erties of precursor cells. Finally, since Gli2/3 respond to to be understood, much remains to be elucidated about and mediate FGF signaling [5] and Gli1/2 respond to and their regulation. Here, we show that Gli proteins regulate mediate SHH signaling (e.g., [1, 2, 4] ), the regulation of the expression of different Wnt genes. During VP morphoWnt gene expression by Gli proteins raises the possibility genesis Gli2/3 directly activates Wnt8 and possibly Wnt11, that these could link FGF and/or HH signaling with Wnt which in turn will stimulate the ␤-catenin and the Ca 2ϩ / function. CamKII pathways, respectively (e.g., [12] and references therein, [15] ). Since no single Wnt protein appears to be Supplementary material sufficient to induce tail formation efficiently (e.g., [10, Methods for microinjection, RT-PCR assays, in situ hybridization, and 14, 19]), Gli2/3 could thus coordinate these two pathways histochemistry can be found with the electronic version of this article at http://images.cellpress.com/supmat/supmatin.htm.
to promote VP (tail) development. We show also that Gli1
